Methods

Patient Selection, Treatment and Evaluation of Outcome
The Erlangen Stroke and Thrombolysis Database is a prospective database of all patients with acute ischemic stroke treated at our institution (University Hospital Erlangen, Germany). It was established in April 2006 and contains baseline demographic and stroke-related data as well as treatment specifics, imaging information for each patient. Data of 1,661 stroke patients were included into the database between April 2006 and March 2009. Systemic thrombolysis was performed in 377 patients (thrombolysis rate 22.7%). To allow comparison with other studies, patients treated outside the 3-hour time window (n = 54) and with symptoms of nonischemic origin -according to the final diagnosiswere excluded from the analyses (n = 3). Thus 320 patients treated with intravenous thrombolysis within a 3-hour time window were included into the present study. A National Institute of Health Stroke score (NIHSS) is recorded 3 times daily by a stroke neurologist certified for NIHSS evaluation. Ninety-day outcome is evaluated by a neurologist as part of the general database independently of the present study. A modified Rankin Scale (mRS) score is derived using a semi-structured interview either in person or by telephone (patient, relatives) by a physician certified for mRS evaluation. The semi-structured interview was conducted on the basis of the mRS-SI [1] , asking for the necessity of constant care, assistance for activities of daily living, ability to look after own affairs and restrictions in usual duties and activities.
In a first analysis, all patients with complete recovery at 24 h were compared with those with persisting symptoms. The same analysis was then carried out for patients asymptomatic at hospital discharge. Complete recovery was defined as no persisting symptoms from the present stroke. Symptomatic intracranial hemorrhage was defined using the ECASS-III criteria. All other intracranial hemorrhages were rated as asymptomatic.
Statistical Analysis
Statistical analysis was performed using PASW Statistics 17 (SPSS Inc., Chicago, Ill., USA). All data were tested for normality. Continuous data are expressed as mean and standard deviation or as median and interquartile range as appropriate; dichotomized variables are shown as numbers and percentages. Intergroup differences were assessed using the t test for normally distributed items, the Mann-Whitney U test for values with nonGaussian distribution and the 2 test for dichotomous variables. Based on the results of univariate analysis, a logistic regression was performed including the factors that were associated with symptom recovery in the univariate model.
Results
Thirty patients (9.4%) were asymptomatic 24 h after treatment. These patients were younger (p = 0.025) and more often males (p = 0.032). Regarding risk factors, there was a lower rate of atrial fibrillation (p = 0.030) corresponding to fewer cardioembolic strokes. On admission, this patient group had a lower baseline NIHSS (p ! 0.001) with a lower incidence of impaired consciousness (p = 0.002) and neglect (p = 0.040). Follow-up imaging was less likely to show ischemic changes (p = 0.037). The early recovery led to shorter in-hospital time (p ! 0.001), and the functional outcome (p ! 0.001) and mortality rates were more favorable. Complete patient characteristics as well as group comparisons are shown in table 1 .
Seventy patients (22%) achieved full symptom recovery during their hospital stay. Again, asymptomatic patients had a lower rate of atrial fibrillation. The median baseline NIHSS was lower and temperature at presentation higher (p = 0.007) than in patients without complete recovery. However, the absolute difference in temperature between the groups was small (median 37.0 vs. 36.9 ° C). Patients had a lower rate of facial palsy (p = 0.003), paresis of the upper and lower extremities (both ! 0.001), sensory loss (p = 0.022), neglect (p ! 0.001) and impaired consciousness (p ! 0.001). As in the patients with complete recovery within 24 h, patients that were asymptomatic at hospital discharge had a lower rate of imaging-proven infarction (p = 0.037). In-hospital time was shortened (p ! 0.001) and, again, the functional outcome and mortality rates were more favorable. Complete patient characteristics as well as group comparisons are shown in table 2 .
Overall, symptomatic intracranial hemorrhage occurred in 15 patients (4.7%). It was observed neither in the group with very early complete recovery ( ! 24 h) nor in the group with early complete recovery.
In multivariate regression analysis, only NIHSS on admission was predictive of complete recovery at both examined time points. In addition, normal follow-up imaging independently predicted complete recovery at hospital discharge. The results of the multivariate analysis are shown in table 3 .
Discussion
Thrombolysis using rt-PA is the only approved reperfusion therapy for acute ischemic stroke. In daily practice, some stroke patients demonstrate dramatic early improvement of their symptoms and totally recover normal function shortly after drug administration. There are very few data published regarding patients without any disability shortly after symptom onset and during hospital stay.
Regarding baseline characteristics, younger age and lower admission NIHSS were found to be associated with complete early recovery. These factors were previously shown to predict improved outcome at 90 days in other studies. In a multivariate analysis of over 6,000 patients treated with rt-PA (SITS-MOST registry), Wahlgren et al. [2] showed that older age and a high NIHSS at baseline were significantly related to poor outcome. This was in concordance with the results of the multicenter stroke survey by Demchuk et al. [3] , which demonstrated that milder baseline stroke severity was the most important predictor of a favorable outcome after thrombolysis. Additionally, clinical signs of severe stroke, such as impaired consciousness and neglect, were found more frequently in patients with persisting symptoms independently of examination time in this study. It is therefore not remarkable that patients with mild symptoms at baseline, indicating small-size cerebral ischemia, are more likely to gain full symptom recovery. As a result of neurological recovery, time in hospital was shorter in asymptomatic patients. Male patients were more likely to fully recover after thrombolysis in our series. The influence of sex on the outcome after thrombolysis is a topic of controversy in recent publications. In accordance with our findings, men were approximately 3 times more likely to have good functional outcomes in the GAIN study [4] and Delgato et al. [5] identified male sex as a factor for clinical improvement 48 h after intravenous thrombolysis. In contrast, no difference in outcome 90 days after stroke was found in the CASES [6] study in 1,110 thrombolyzed patients and the pooled analysis of the NINDS, ANLANTIS and ECASS (I and II) even showed that women benefited more from rt-PA compared with men [7] . Similar results were observed by Saposnik et al. [8] , who demonstrated that female sex was associated with major neurologic improvement after rt-PA. Atrial fibrillation is a recognized predictor for more severe strokes, a worse outcome and higher mortality in affected patients. In addition, atrial fibrillation was correlated with a reduced chance of recanalization 24 h after treatment with alteplase as demonstrated using transcranial Doppler ultrasound in a small study by Tandberg Askevold [9] as well as in a Japanese trial [10] showing atrial fibrillation to be associated with no recanalization in serial magnetic resonance angiography. In accordance with our data, Saňák et al. [11] described a worse outcome 90 days after intravenous thrombolysis in patients with atrial fibrillation just as Kimura et al. [12] , who additionally found fewer patients with dramatic improvement after 7 days in their atrial fibrillation cohort.
Slightly higher baseline temperatures were observed in asymptomatic patients on hospital discharge in our study. Interestingly, the same observation was made in the Bergen stroke study [13] , which found an inverse relationship between baseline body temperature and outcome and between rt-PA treatment and conservative therapy. A high baseline temperature was associated with a favorable outcome after 1 week in thrombolized patients just as low body temperature among patients not treated with rt-PA. This might be explained by the improved activity of the protease rt-PA on clot lysis at higher temperatures, exceeding the neuroprotective effect of low body temperature shortly after rt-PA administration. However, the small absolute difference in our study, and its effect on rt-PA activity and outcome may be statistically significant but not clinically relevant.
The fact that asymptomatic patients in our study were less likely to have ischemia on follow-up CT scans raises the question whether indeed we were treating transient ischemic attacks (TIAs) in the first place. This discussion, however, is theoretical since thrombolysis aims to 'convert strokes into TIAs' and is not an option to wait and see whether symptoms resolve without treatment. Furthermore, 24 h after thrombolysis, 60% of asymptomatic patients had a proven infarction on their follow-up CT scans and follow-up examinations using MRI may have shown an even higher percentage of cerebral ischemia. Currently there is no convincing diagnostic method available predicting spontaneous recovery under emergency room conditions and differentiating between stroke and TIA. Our data also failed to yield solid predictive clinical factors. Among baseline characteristics, only NIHSS on admission was predictive of complete recovery in multivariate analysis. Thus no other clinical variables can guide clinicians in the acute phase. The fact that no proven ischemia on follow-up imaging predicts complete recovery at hospital discharge is of course not known at baseline but may be useful in the early hospital course. In the future, more sophisticated baseline imaging models to predict tissue fate may to some extent help in deciding on treatment.
In addition to primary TIA, uncertainty remains whether full neurological recovery may due to a nonischemic process. According to current publications, a nonischemic origin of stroke symptoms with subsequent full recovery is not frequent. In a recent Swiss study, only 2.8% of 250 patients receiving intravenous thrombolysis could be identified as stroke mimics; another university stroke center reported that 3.5% of patients treated with rt-PA had a nonischemic diagnosis [14, 15] . In our series, only 3 treated patients had diagnoses other than stroke (0.8%).
After 3 months, a better outcome and lower mortality were recorded in patients without any disability after 24 h as well as on hospital discharge in this investigation. A similar finding was made in a subgroup analysis of the NINDS trial, assessing patients with neurological improvement 6 8 points or an NIHSS of 0 at 24 h [16] . This early improvement had a positive predictive value of 0.70 for a favorable 3-month outcome.
In conclusion, rapid complete recovery can be achieved in up to a fifth of acute-stroke patients treated with thrombolysis. These patients are younger and have milder strokes that are less often of cardioembolic origin. Better outcome and lower mortality are sustained at 3 months. 
